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ABSTRACT 
This paper reviews psychrometric principles and 
shows how to formulate a psychrometric chart from a 
single equation. The chart is used to demonstrate 
the manner in which a conventional single-speed air 
conditioner adjusts its operating point in an 
attempt to control humidity over a range of condi- 
tions. The system performance with an electroni- 
cally commutated motor (Em) driving the blower is 
then presented. 
With ECM blower speed control, it is poasible to 
raise the sensible capacity, reduce the sensible 
capacity, and boost the efficiency of an otherwise 
conventional air conditioner. This makes such 
systems ideal to respond to the changing loads in a 
hot and humid climate. 
INTRODUCTION 
One of the major functions of an air conditioner is 
to reduce the moisture content of the air in the 
occupied spaces. The increasing availability of 
modulation provides a need and opportunity to 
review some of the basic principles of this process 
so that the full benefits may be made available in 
residential systems. These benefits have long been 
available in the more sophisticated, built-up 
systems used in large commercial and institutional 
applications. Various modulation schemes have been 
used selectively in these large systems for some 
time. 
Capacity modulation of compressors in residential 
systems is coming. Two major manufacturers dis- 
played variable speed systems at the ARI (Air 
Conditioning and Refrigeration Institute) Exhibi- 
tion in New York City this past January. Capacity 
modulation of blowers is here. At least one major 
manufacturer is offering variable speed air 
handlers which can control humidity intelligently. 
This paper reviews the psychrometric principles on 
which all air conditioners operate. Performance of 
typical single-speed air conditioners is examined 
in the framework of these principles. Then the 
exciting opportunity of air flow modulation is 
covered. The excitement flows from the fact that 
with an ECM (Electronically Cammutated Motor) air 
handler, both the humidity control and the effi- 
ciency of a single-speed air conditioner can be 
improved. Finally, we'll take a quick look to the 
future . . . the fully modulated system. 
PSYCHROMETRIC BACKGROUND 
GENERAL 
Psychrometry is the "branch of physics relating to 
the measurement or determination of atmospheric 
conditions, particularly regarding the moisture 
mixed with the air".l Understanding the psychro- 
metric processes is essential to providing proper, 
total environment control of an air conditioner. 
The psychrometric processes are usually portrayed 
on a psychrometric chart. The first charts were 
the result of work by Willis Carrier over 60 years 
ago. Since then, many variations of these charts 
have been produced by ASHRAE and major W A C  manu- 
facturers. 
The psychrometric charts relate six physical prop- 
erties of moist air: 
O Dry Bulb Temperature 
Wet Bulb Temperature 
O Relative Humidity 
O Dew Point (saturation temperature) 
O Enthalpy (total heat content) 
O Humidity Ratio (weight of moisture per pound 
of dry air) 
Of these six, only two can be chosen independently. 
The remaining four are then totally determined by 
the two chosen. However, the exact relationships 
are rather complex. This is the motivation for use 
of the psychrometric chart. More recently, psy- 
chrometric routines on the desk-top computer have 
also been used. 
THE PSYCHROMETRIC CHART 
The Trane Psychrometric Chart is shown in Figure 1. 
This chart differs from most others through the in- 
corporation of typical process lines. These lines 
run horizontally towards the saturation line. As 
they approach the 80 percent RH line, they bend 
downward and tend to become asymptotic at about 95 
percent RH. 
l~merican Society of Heating, Refrigerating, 
and Air Conditioning Engineers, 1981 Fundamentals, 
Chapter 35. 
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An i d e a l i z e d  c o o l i n g  and d e h u m i d i f t c a t i o n  p roces s  
would move from t h e  a i r  i n l e t  c o n d i t i o n  ( say  a t  t h e  
b u l l ' s  eye  a t  78'F and 50 pe rcen t  RH) s t r a i g h t  ove r  
t o  t h e  s a t u r a t i o n  l i n e ,  and then  down t h i s  l i n e  t o  
t h e  a i r  o u t l e t  ( o r  supp ly )  c o n d i t i o n  on t h e  s a t u r a -  
t i o n  l i n e .  
The d e p a r t u r e  from i d e a l ,  shown by t h e  p r o c e s s  
l i n e s  on F igu re  1, r e s u l t s  from t h e  f a c t  t h a t  n o t  
a l l  t h e  a i r  which p a s s e s  through an e v a p o r a t o r  c o i l  
a c t u a l l y  c o n t a c t s  t h e  c h i l l e d  c o i l  s u r f a c e s .  Thus, 
t h e  r e a l  p r o c e s s  behaves a s  though most o f  t h e  a i r  
followed t h e  i d e a l  p a t h  and a  s m a l l  p o r t i o n  o f  t h e  
a i r  bypassed t h e  c o i l ,  subsequen t ly  mixing wi th  t h e  
a i r  t h a t  took t h e  i d e a l  pa th .  The g r e a t e r  t h e  
amount of e f f e c t i v e  bypass ,  t h e  h i g h e r  t h e  tempera- 
t u r e  and t h e  lower t h e  RH a t  which t h e  a i r  w i l l  
a c t u a l l y  l e a v e  t h e  u n i t .  
SIMPLIFIED PC PSYCHROMETRIC CHART 
In  most c o o l i n g  and d e h u m i d i f i c a t i o n  p r o c e s s e s ,  
t h e  most impor t an t  pa rame te r s  o f  t h e  a i r  a r e  t h e  
d r y  bu lb  t empera tu re ,  t h e  r e l a t i v e  humidi ty  and 
t h e  wa te r  c o n t e n t  o f  t h e  a i r  ( g r a i n s  of wa te r  
vapor pe r  pound o f  d r y  a i r ) .  A c h a r t  r e l a t i n g  
t h e s e  t h r e e  pa rame te r s  can  be  drawn from one 
approximat ing equa t ion :  
Where W S A ~  Humidity r a t i o  o f  s a t u r a t e d  a i r  i n  
g r a i n s  o f  wa te r  vapor p e r  pound o f  d r y  a i r  
T  = Temperature i n  d e g r e e s  F  
P u r i s t s  might t a k e  excep t ion  wi th  t h i s  s i m p l i f i e d  
e q u a t i o n ,  and subsequent  f r a c t i o n a l  s c a l i n g  t o  g e t  
t h e  r e l a t i v e  humidi ty  l i n e s  ( i . e . ,  W50 pe rcen t  ,Y 
0.5 x  wSAT). A s u f f i c i e n t  d e f e n s e  would be t h a t  
t h e  e r r o r s  a r e  q u i t e  sma l l .  ( C e r t a i n l y ,  adequa te  
f o r  i l l u s t r a t i v e  pu rposes ,  and probably  f o r  most 
e n g i n e e r i n g  c a l c u l a t i o n s ) .  
Equat ion  ( 1 )  was used i n  a  s p r e a d s h e e t  t o  produce a  
t a b l e  o f  WSAT Versus  T  and then  t o  c a l c u l a t e  W 
a t  1 0  p e r c e n t  i nc remen t s  o f  r e l a t i v e  humidi ty .  
These  d a t a  were t r a n s f e r r e d  t o  a  p l o t t i n g  r o u t i n e  
t o  produce  t h e  c h a r t  o f  F i g u r e  2. Th i s  form o f  t h e  
c h a r t  f a c i l i t a t e s  adding p r o c e s s  l i n e s  and 
r e s c a l i n g  f o r  p r e s e n t a t i o n s  o r  p u b l i c a t i o n .  
The r e s u l t a n t  c h a r t  r e l a t e s  Humidity R a t i o ,  Rela- 
t i v e  Humidity, Dry Bulb Temperature ,  and Dew P o i n t .  
The dew p o i n t  is no t  l a b e l e d ,  but  is  e a s i l y  found. 
For example,  a t  7S°F and 60 p e r c e n t  RH, W i s  80  
g r a i n s / # .  P r o j e c t i n g  downward from t h e  s a t u r a t i o n  
l i n e  a t  8 0  g r a i n s / # ,  we f ind  a  t empera tu re  of about 
60.S°F. Th i s  i s  t h e  t empera tu re  a t  which a i r  
cooled  from 7S°F and 6 0  p e r c e n t  RH w t l l  condense ,  
t h e  so -ca l l ed  dew p o i n t .  
TYPICAL PROCESS ON THE PC PSYCHROMETRIC CHART 
An i d e a l i z e d ,  t y p i c a l  a i r  c o n d i t i o n i n g  p roces s  i s  
shown on F i g u r e  3. The a i r  e n t e r s  t h e  u n i t  a t  80°F 
and 5 0  p e r c e n t  RH and l e a v e s  t h e  a i r  c o n d i t i o n e r  a t  
abou t  58OF and 86 p e r c e n t  RH. When l e a v i n g  a i r  
c o n d i t i o n s  a r e  known, i t  is  more common t o  s imply  
draw a  s t r a i g h t  l i n e  between t h e s e  two p o i n t s  a s  
w i l l  be i l l u s t r a t e d  l a t e r .  
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iUMIDI TY 
RATIO 
gr. /# 
0' . . r . : . . ~ . . . : v . . . : . . & . . : r . A  - 
50 55 60 65 70 75 80 85 9C 
DRY BULB TEMPERATURE 
- DEGREES F 
Fig.  2. PC Psychrome t r i c  Chart  
A more a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e  p roces s  l i n e  
would be  t h e  form o f  t h e  p r o c e s s  l i n e s  i n  F i g u r e  1. 
A s i n g l e  s t r a i g h t  l i n e  hetween t h e  end p o i n t s  is  
o f t e n  used because  t h e  d r i v i n g  conce rn  is t h e  psy- 
c h r o m e t r i c  c o n d i t i o n s  e n t e r i n g  and l e a v i n g  t h e  
a p p a r a t u s .  
A n o t e  of c a u t i o n  is  a p p r o p r i a t e .  Although p roces s  
l i n e s  o f  t h e  form shown on F i g u r e  3 a r e  o f  v a l u e ,  
no s imp le  a i r  c o n d i t i o n i n g  p roces s  can fo l low t h e  
i m p l i c i t  s t e p s  shown. The s h o r t  v e r t i c a l  l i n e  a t  
5R°F i m p l i e s  removal of m o i s t u r e  w i th  no change i n  
t empera tu re .  No k n o w  p roces s  c a n  do s o .  Regard- 
l e s s ,  t h e  i nc remen ta l  p roces s  implementa t ion  i m -  
p l i e d  by t h e  d iagram i s  a  u s e f u l  t o o l  f o r  d i s c u s -  
s i o n .  
ONE-SPEED SYSTEMS: VIRTUAL FEEDBACK CONTROL 
CAPACITY VERSUS LOAD 
The c o n v e n t i o n a l  one-speed system is a  remarkable  
machine. It no t  o n l y  works a g a i n s t  t h e  f o r c e s  of 
n a t u r e  by t r a n s p o r t i n g  h e a t  from c o o l  t o  ho t  
p l a c e s ,  i t  a l s o  h a s  a  n a t u r a l  tendency t o  s h i f t  i t s  
c h a r a c t e r i s t i c s  i n  r e sponse  t o  t h e  l oad .  T h i s  is 
shown i n  F i g u r e  4. The lef t -hand diagram shows t h e  
t o t a l  c a p a c i t y  i n  thousands  o f  BTU/Hr; t h e  middle  
diagram shows t h e  s e n s i b l e  c a p a c i t y ;  and t h e  r i g h t -  
hand diagram shows t h e  l a t e n t  c a p a c i t y .  L a t e n t  
HUMID1 TY 
RATIO 
gr. /# 
0 1 '  .. .:....:..rr+ .. :.d 
50 55 60 65 70 75 80 85 91 
DRY BuLe TEMPERATURE 
- DEGREES F 
- - - - - - - - 
Fig.  3 I d e a l i z e d  Coo l ing  P roces s  
c a p a c i t y  i s  t h e  meaaure of a  sys tem's  a b i l i t y  t o  
remove t h e  l a t e n t  h e a t  o f  t h e  w a t e r  vapor ( i . e . ,  
condense  and remove wa te r  vapor from t h e  a i r ) .  
Dew p o i n t  r a t h e r  t han  r e l a t i v e  humid i ty  was chosen 
a s  t h e  a b s c i s s a  on t h e  d iagrams because  i t  is a  
measure o f  t h e  t o t a l  m o i s t u r e  c o n t e n t  o f  t h e  a i r .  
I n  t h e  l e f t -hand  diagram,  we s e e  t h a t  t h e  a i r  con- 
d i t i o n i n g  sys tem c a p a c i t y  t o  c o o l  and dehumidify  
i n c r e a s e s  a s  t h e  e n t e r i n g  room a i r  hecornes h o t t e r  
and w e t t e r  ( h i g h e r  dew p o i n t ) .  Th i s  i s  a  cha rac -  
t e r i s t i c  o f  t h e  b a s i c  a i r  c o n d i t i o n e r ,  n o t  any 
s o p h i s t i c a t e d  c o n t r o l .  
I n t e r p r e t a t i o n  of t h e  middle  and r ight -hand d i a -  
grams i s  a  b i t  t r i c k i e r  because  t h e y  should  b e  
viewed t o g e t h e r .  The t r e n d s  we s e e  a r e  t h a t :  
O With c o n s t a n t  dew p o i n t ,  
- S e n s i b l e  c a p a c i t y  i n c r e a s e s  w i th  in- 
c r e a s i n g  room t e m p e r a t u r e ,  and 
- L a t e n t  c a p a c i t y  d e c r e a s e s  with 
i n c r e a s i n g  room tempera ture .  
O With c o n s t a n t  t empera tu re ,  
- S e n s i b l e  c a p a c i t y  d e c r e a s e s  w i t h  
i n c r e a s i n g  room dew p o i n t ,  and 
- La ten t  c a p a c i t y  i n c r e a s e s  w i th  dew 
p o i n t .  
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These o b s e r v a t i o n s  can be  q u a n t i f i e d  u s i n g  approx- 
imate  e q u a t i o n s :  
HT = 
HL = 
H S  = 
Where 
HT = 
HL - 
HS = 
CFM = 
AW = 
A T  = 
HL + HS 
0.68* CFU* A W 
1.08* CFM* T  (4 )  
T o t a l  Capac i ty ,  B T U / H ~ .  
L a t e n t  Capac i ty ,  B T U / H ~ .  
S e n s i b l e  Capac i ty ,  B T U / H ~ .  
A i r  f l ow  through t h e  e v a p o r a t o r  c o i l ,  1200 i n  
t h i s  c a s e .  
D i f f e r e n c e  between g r a i n s  of wa te r  vapor pe r  
pound o f  d r y  a i r  a t  t h e  i n l e t  and o u t l e t .  
D i f f e r e n c e  between d r y  bulb  t empera tu re s  a t  
t h e  i n l e t  and o u t l e t .  
Using l i n e  4-8 a s  an example,  
HT = HS + H L  = 17.7 KBTUH + 22.7 YRTUH ( 5 )  
= 40.4 KBTUH ( w i t h i n  2  p e r c e n t  o f  
t h e  pub l i shed  v a l u e )  
VIRTUAL CONTROL-POINT OFFSET: THE PIPER'S PAYCHECK 
The v i r t u a l  feedback c o n t r c l  o f  t h e  environment by 
an a i r  c o n d i t i o n e r  a s  d e s c r i b e d  above has  a  c a t c h .  
Like  many a c t u a l  feedback c o n t r o l  sys t ems ,  a  change 
i n  l oad  r e q u i r e s  a  c o n t r o l  p o i n t  e r r o r  o r  o f f s e t  i n  
o r d e r  t o  s h i f t  t h e  system t o  a  new, more d e s i r a b l e ,  
o p e r a t i n g  s t a t e .  
A s  an example, suppose t h e  system is o p e r a t i n g  a t  
50  p e r c e n t  d u t y  c y c l e  ( p e r c e n t  o f  "on" t ime)  and 
t h e  room c o n d i t i o n s  a r e  a  comfor t ab l e  75°F and 45 
p e r c e n t  RH. I n t r o d u c e  a  l a r g e  i n c r e a s e  i n  l a t e n t  
l oad  (an  a tomiz ing  v a p o r i z e r  w i l l  do f o r  t h i s  exam- 
p l e ) .  As t h e  humidi ty  i n c r e a s e s ,  t h e  l a t e n t  capac- 
i t y  w i l l  i n c r e a s e ,  t h e  s e n s i b l e  c a p a c i t y  w i l l  de- 
c r e a s e ,  and t h e  du ty  c y c l e  w i l l  i n c r e a s e  t o  o f f s e t  
t h e  l o s t  s e n s i b l e  c a p a c i t y .  
While i t  i s  p o s s i b l e  i n  t heo ry  f o r  t h e  sys tem t o  
ba l ance  o u t  a g a i n  a t  75OF and 45 p e r c e n t  RH, i t  is 
most u n l i k e l y .  The more g e n e r a l  t r e n d  w i l l  be  t h a t  
t h e  r e l a t i v e  humidi ty  w i l l  d r i f t  upward. 
I f  t h e  sys tem were running a t  100 p e r c e n t  d u t y  
c y c l e ,  t h i s  would be v e r y  e v i d e n t ,  s i n c e  bo th  t h e  
humid i ty  and t empera tu re  would d r i f t  upward. 
Under t h e r m o s t a t  c o n t r o l  a t  lower d u t y  c y c l e s ,  t h e  
sys tem w i l l  ma in t a in  t h e  o r i g i n a l  d r y  bu lh  tempera- 
t u r e  of 75'F. How f a r  t h e  r e l a t i v e  humidi ty  w i l l  
d r i f t  depends on t h e  magnitude o f  t h e  added l a t e n t  
load and t h e  s p e c i f i c  c h a r a c t e r i s t i c s  of t h e  a i r  
c o n d i t i o n e r .  
Rega rd l e s s ,  t h e  g e n e r a l  c o n d i t i o n  i s  t h a t  t h e  
r e l a t i v e  humidi ty  w i l l  d r i f t  upward. J u s t  a s  
h i g h e r  r e l a t i v e  humidi ty  c a u s e s  a  s h i f t  t o  more 
l a t e n t  c a p a c i t y ,  a c h i e v i n g  t h a t  s h i f t  normal ly  i s  
a s s o c i a t e d  wi th  h i g h e r  humidi ty .  The p i p e r  w i l l  be 
pa id .  
AIR FLOW MODULATION: THE TRANSITIONAL SYSTEM 
CONVENTIONAL 
A i r  f low modula t ion  has  been used wi th  l a r g e ,  
s ingle-speed sys tems f o r  many y e a r s .  With a i r  f l ow 
modula t ion ,  t h e  o p e r a t i n g  p o i n t  of a  system can be 
s h i f t e d  "simply" by a d j u s t i n g  t h e  speed of t h e  
i ndoor  blower ( i . e . ,  t h e  a i r  f low through 
e v a p o r a t o r  c o i l ) .  
In t h e  e a r l y  days ,  speed moduls t ion  was done by 
changing p u l l e y s ,  o r  changing t h e  s e t t i n g  of an 
a d j u s t a b l e  p u l l e y .  T h i s  could  be done on both  com- 
m e r c i a l  and r e s i d e n t i a l  sys tems.  In bo th  c a s e s ,  
t h e  ad jus tmen t s  were made i n f r e q u e n t l y  due t o  t h e  
t ime  and inconvenience .  
More r e c e n t l y ,  commercial  sys tems have r e l i e d  on 
a d j u s t a b l e  p u l l e y s  (which can be  a d j u s t e d  remote lv  
a s  t hey  run ) ,  eddy c u r r e n t  d r i v e s ,  o r  i n v e r t e r -  
d r i v e n  i n d u c t i o n  motors .  These t e c h n o l o g i e s  have 
a l l  been too  expens ive  f o r  r e s i d e n t i a l  sys tems,  
which have tended t o  u s e  tapped i n d u c t i o n  moto r s ,  
w i t h  o n l y  s e a s o n a l  a i r  f low changes .  
The tapped i n d u c t i o n  motor has  a  r a t h e r  narrow 
range of speed ad jus tmen t ,  and downward modulation 
is q u i t e  i n e f f i c i e n t .  I n  f a c t ,  i t  is  s o  i n e f f i -  
c i e n t  t h a t  most sys tems d e c r e a s e  i n  e f f i c i e n c y  a s  
t h e  a i r  f l ow is modulated downward. For r e s iden -  
t i a l  sy s t ems ,  a  more e f f i c i e n t  form of downward a i r  
f l ow modula t ion  is  needed. 
RCM (ELECTRONICALLY COMMUTATED [PERMANENT MAGWETI 
MOTOR) 
Ai r  h a n d l e r s  and fu rnaces  a r e  now a v a i l a b l e  wi th  ECM 
motors .  These motors  pe rmi t  r a t h e r  s imp le ,  and v e r y  
e f f i c i e n t ,  changes i n  blower speed.  Coupled wi th  a  
h u m i d i s t a t ,  t h i s  equipment p r o v i d e s  some r a t h e r  
d r a m a t i c  a i r  c o n d i t i o n e r  c o n t r o l  o p p o r t u n i t i e s .  
Recent p sych rome t r i c  t e s t s  o f  an a i r  c o n d f t i o n e r  
w i t h  an ECM a i r  hand le r  gave t h e  r e s u l t s  shown i n  
F i g u r e  6. These d a t a  were t aken  on a  3 112-ton 
u n i t  a t  t h e  ART r a t i n g  p o i n t  o f  82°F o u t d o o r s  and 
80°F d r y  hu lb  and 67'F wet bu lh  i n d o o r s  (about  52 
p e r c e n t  RH). 
The l e f t -hand  view shows a b s o l u t e  v a l u e s  of sen- 
s i b l e  and l a t e n t  c a p a c i t y  a s  a  f u n c t i o n  of a i r  
f low,  and t h e  r ight -hand view shows v a l u e s  r e l a t i v e  
t o  t h e  base  c a s e  (maximum a i r  f l ow) .  We s e e  t h a t  
reduced a i r  f low can g i v e  a  20  p e r c e n t  i n c r e a s e  in  
l a t e n t  c a p a c i t y  a long  w i t h  a  13 pe rcen t  r e d u c t i o n  
i n  s e n s i b l e  c a p a c i t y  ( a t  900 cfm . . . ahout 300 
cfm/ ton) .  The r a t i o  o f  l a t e n t  t o  s e n s i b l e  c a p a c i t y  
can be en r i ched  even more by f u r t h e r  r e d u c t i o n s  i n  
a i r  f low. These s h i f t s  a r e  i n  a d d i t i o n  t o  t hose  
t h a t  were d i s c u s s e d  above when t h e  room a i r  
c o n d i t i o n s  were p e r m i t t e d  t o  d r i f t .  
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Fig.  4  A Typ ica l  One-Speed A i r  Cond i t ione r  a t  75OF Outdoors 
?his  i s  a  r a t h e r  remarkable example of  t h e  laws of 
p h y s i c s  working i n  a l l  t h e  r i g h t  d i r e c t i o n s  t o  
maximize comfor t .  The n e t  e f f e c t  is a form of  
v i r t u a l  feedback c o n t r o l  i n  which t h e  system 
responds  t o  t h e  room c o n d i t i o n s  ( a i r  e n t e r i n g  t h e  
a i r  c o n d i t i o n e r )  i n  such a  way a s  t o  i n c r e a s e  i t s  
c a p a c i t y  t o  c o o l  and dehumidify a s  t h e  a i r  becomes 
warmer and more humid. 
PERFORMANCE ON A PSYCHROMETRIC CHART 
A d i f f e r e n t  p e r s p e c t i v e  of one-speed sys tems i s  
g iven  i n  F igure  5. The f o u r  l i n e s  on t h e  f i g u r e  
r e p r e s e n t  t h e  e f f e c t i v e  p rocess  l i n e s  f o r  t h e  
system wi th  i n l e t  wet bulb  t empera tu res  of 59,  63,  
67, and 71°F ( i . e . ,  l i n e  1-5 i s  a t  5g°F TUB, e tc . ) .  
The d i f f e r e n c e s  i n  t h e  c o o r d i n a t e s  of  t h e  end 
p o i n t s  on each l i n e  can  be  used t o  de te rmine  t h e  
e e n s i b l e  and l a t e n t  c a p a c i t y .  Line  1-5 i s  ho r i -  
z o n t a l ,  r e p r e s e n t i n g  a d ry -co i l  c o n d i t i o n  w i t h  no 
dehumid i f i ca t ion .  Line  4-8 r e p r e s e n t s  a  r e d u c t i o n  
i n  s e n s i b l e  c a p a c i t y  and an i n c r e a s e  i n  l a t e n t  
c a p a c i t y .  
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Fig. 5  E f f e c t  of I n l e t  Cond i t ions  on a  
One-Speed A i r  Cond i t ione r  a t  85OF Outdoors 
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WHAT ABOUT ECM EFFICIENCY? 
The e f f i c i e n c y  t r e n d  shown i n  F i g u r e  7  i s  t h e  r e a l  
s u r p r i s e .  A s  t h e  a i r  f l o w  i s  r e d u c e d  from 1290 c h n  
t o  934 cfm,  t h e  s y s t e m  e f f i c i e n c y  i n c r e a s e s  by 
a b o u t  4 p e r c e n t !  The key  t o  t h i s  i n c r e a s e  i s  t h e  
h i g h  e f f i c i e n c y  o f  ECM. Over t h e  normal  o p e r a t i n g  
r a n g e ,  t h i s  ECM a l m o s t  f o l l o w s  t h e  p e r f e c t  c u b i c  
law o f  power i n p u t  r e q u i r e d  f o r  a  g i v e n  a i r  f l o w .  
A s i d e  n o t e  on  e f f i c i e n c y  is  i n  o r d e r .  Conven- 
t i o n a l  wisdom t o d a y  i s  a r g u i n g  t h a t  h i g h  e f f i c i e n c y  
s y s t e m s  p r o v i d e  p o o r  h u m i d i t y  c o n t r o l .  The ECM 
example ,  b a s e d  on  r e a l  h a r d w a r e  tests ,  p r o v e s  t h a t  
you c a n  h a v e  good h u m i d i t y  c o n t r o l  and h i g h  e f f i -  
c i e n c y .  
A t  w o r s t ,  t h i s  s y s t e m  h a s  o v e r  30 p e r c e n t  o f  i ts 
c a p a c i t y  ( a t  82180-67) i n  t h e  form o f  l a t e n t  capac-  
i t y .  As a i r  f l o w  is  r e d u c e d  t o  g i v e  maximum e f f i -  
c i e n c y ,  t h e  l a t e n t  f r a c t i o n  i n c r e a s e s  t o  a b o u t  43  
p e r c e n t .  
FULLY MODULATED SYSTEMS 
The g e n e r a t i o n  o f  t h e  f u l l y  m o d u l a t e d ,  v a r i a b l e  
speed  s y s t e m  i s  j u s t  emerg ing .  These  s y s t e m s  w i l l  
p r o v i d e  t o t a l  s y s t e m  c o n t r o l  . . . t a i l o r e d  t o  
match t h e  i n s t a n t a n e o u s  l o a d .  
Wi th  t h e  v a r i a b l e  s p e e d  s y s t e m ,  t h e  c o m p r e s s o r  and 
b lower  c a n  b o t h  h e  modula ted  t o  p e r m i t  t o t a l  e n v i -  
ronment c o n t r o l .  The s y s t e m  w i l l  p e r m i t  t h e  occu- 
p a n t  t o  e n j o y  t h e  e x a c t  e n v i r o n m e n t  h e  s e l e c t s .  
Humidi ty  and t e m p e r a t u r e  c a n  be c o n t r o l l e d  indepen-  
d e n t l y  a s  l o n g  a s  t h e r e  i s  a  need  f o r  c o o l i n g .  
IEER A T  8 2 / 8 0 - 6 7 T  
A I R  FLOW CFM 
F i g .  7 E f f i c i e n c y  V e r s u s  Air Flow f o r  a  
one-speed A i r  c o n d i t i o n e r  w i t h  a n  ECM Air Handler  
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CONCLUSION 
These a r e  e x c i t i n g  days  i n  t h e  HVAC f i e l d ,  p a r t i c u -  
l a r l y  f o r  t h o s e  of  u s  who l i v e  i n  t h e  h o t  and humid 
c l i m a t e s .  
The conven t iona l  a i r  c o n d i t i o n e r  has  served us 
w e l l ,  i n  p a r t  due t o  i t s  i n t r i n s i c  tendency t o  
p rov ide  more dehumid i f i ca t ion  when more was needed. 
Under ve ry  humid c o n d i t i o n s ,  i t  may n o t  have 
provided enough f o r  t r u e  comfor t .  I n  the  p a s t ,  
we've made t h i n g s  t o l e r a b l e  by r educ ing  room tem- 
p e r a t u r e  t o  o f f s e t  t h e  adve r se  e f f e c t s  of h ighe r  
humidi ty  . . . and t h e  e x p e r t s  have t o l d  u s  t h a t  we 
were a s  comfor t ab le  aa  i f  we had t h e  c o n d i t i o n s  we 
r e a l l y  sought .  
The days  of f u l l y  modulated systems a r e  f a s t  
approaching. These systems w i l l  b e  a b l e  t o  be con- 
t r o l l e d  s o  t h a t  t h e  s e n s i b l e  and l a t e n t  c a p a c i t y  
can be  modulated t o  match t h e  l o a d  . . . and with- 
o u t  c y c l i n g  "on" and "off"  du r ing  most of t h e  
season.  
I n  t h e  i n t e r i m ,  we have t h e  ECM a i r  hand le r  f o r  u se  
wi th  conven t iona l  s ingle-speed outdoor  u n i t s .  
Although t h e  eystems w i l l  s t i l l  c y c l e  "on" and 
"off" ,  t h e  a i r  f low can be modulated t o  a d j u s t  t h e  
l a t e n t / s e n s i b l e  c a p a c i t y  s p l i t  t o  e x a c t l y  match t h e  
load  ove r  a  wide range of c o n d i t i o n s .  The e a s i e s t  
way t o  do t h i s  w i th  conven t iona l  c o n t r o l  hardware 
i s  t o  u s e  a  humid i s t a t  t o  swi t ch  t h e  blower between 
two speeds .  
A i r  f low modulat ion is being done s o  e f f i c i e n t l y  
t h a t  we can boost system e f f i c i e n c y  a t  t h e  same 
t ime a s  we i n c r e a a e  l a t e n t  c a p a c i t y .  ECM r e a l l y  
demons t r a t e s  t h a t ,  through technology,  e f f i c i e n c y  
and comfort  a r e  i n  harmony. 
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